A new ferrous-ion chelating agent, siderochelin, was isolated from fermentation broths of Nocardia sp. SC 11,340. Siderochelin was produced by conventional submerged culture and purified by solvent extraction and recrystallization. The antibiotic was crystallized from acetonitrile as a mixture of diastereoisomers. The molecular formula of siderochelin was determined as C11H13N303 on the basis of elemental analysis and mass spectrometry, and the structure was elucidated by X-ray crystallography. The compound shows a broad spectrum of antimicrobial activity, being active against bacteria, fungi and protozoa. We have named this compound siderochelin. This paper deals with the isolation, characterization and biological properties of siderochelin.
Screening of Soil Actinomycetes
Cultures of aerobic actinomycetes were isolated from soil samples by stamping air dried soils onto a selective medium of the following composition-0.5 % glucose, 0.1 % KNO3, 0.05 % K2HPO,, 0.05% MgSO, • 7H2O, 0.05 % NaCI, 0.001% FeSO4.7H2O and 2 % agar (pH 7.0). Immediately before use, actidione (Calbiochem) was added to the medium to give a final concentration of 100 11g/ml.
After 10-j 14 days incubation at 28°C, colonies were picked and transferred to agar slants containing 0.1% yeast extract, 0.1% beef extract, 0.2% NZ amine A (casein hydrolysate), 1 % glucose and 1.5 agar (pH 7.3). Submerged culture was carried out at 28°C for 5 -6 days in 250 ml flasks containing 50 ml of liquid medium of the following composition : 0.4 % yeast extract, 1 % malt extract and 0.4 glucose.
Assay
Fermentation samples (50 itl) were added to 10 mm paper discs that after drying were placed on agar plates (3.5 % BBL seed agar and 0.5 % NaCI) containing 10 jig/ml diumycin'> and seeded with E. coli SC 10,888. Plates were incubated overnight at 37°C and zones of activity recorded.
Taxonomy of the Producing Strain
The siderochelin producing strain SC 11,340 was isolated from a soil sample collected in Virginia. Siderochelin A was shown to be (traps)-3,4-dihydro-4-hydroxy-5-(3-hydroxy-2-pyridinyl)-4-methyl-2H-pyrrole-2-carboxamide ( 1-----2.5 a (I) were used in the solution of structure by direct methods, and subsequent full matrix least squares refinements. All coordinates (except Yof NI), and anisotropic temperature parameters for the non-hydrogen atoms were refined. Hydrogen atoms were located in difference maps at final stages ( 2) 1.520 ( 4) 1.526( 3) 1.537 ( 1) 1.474 (20) 1.508 ( 7) 1.332 (10) 1.229 ( 7) 1.501( 6) in the analysis. They were assigned isotropic temperature factors and included, though not refined, in the final cycles of refinements. Least squares weights w=u (F0) were calculated assuming a2 (1) E`-Lp(I)° where is the statistical counting error and p=0.02.
The final R factor was 0.045 with weighted R=0.05. Fractional atomic coordinates and errors are given in Table 2 . The structures and conformations of the two crystallographically independent molecules are identical within experimental error. The average bond distances, angles and deviations from the average values for the two molecules are given in Table 3 .
The four atoms C2, NI, C5, C4 of the 1-pyrroline ring are planar within experimental error with the fifth atom, C3, displaced from this plane by 0.37 A. The torsional angle N1-C5-C7-C8 is only 1'
(3° in the other molecule) so that the planar pyridine ring and its hydroxyl substituent also essentially lie in this plane (displacement of 017 from this plane is 0.03; 0.06.E in the other molecule). The two chelating atoms NI and 017 in this conformation are separated by 2.615 A. It is of interest that this conformation of siderochelin A (and presumably also siderochelin B) may also simultaneously present a secondary chelation site through interactions with N12 and 016 (intramolecular N-0 distance= 2.842 A). These potential ligands are joined by two intramolecular OH-N hydrogen bonds in the crystal structure (Fig. 6 ). Siderochelin A is weakly active against a range of aerobic and anaerobic microorganisms (Tables 4   and 5) and shows a similar level of spectrum of activity to that of apoferrosamine, a ferrous-ion chelating agent produced by a strain of Pseudomonas fluorescens'>. The compound appears to be less active than apoferrosamine against the dermatophytes but both compounds show activity vs. T. vaginalis. Siderochelin and apoferrosamine are inactive against C. albicans (Table 6 ).
Mode of Action
Iron uptake studies using E. coli SC 10,995 revealed a 75% inhibition of uptake of "Fe' by 
